Diffusion Magnetic Resonance Imaging provides images of unquestionable diagnostic value. It is commonly used in the assessment of stroke and in white matter fiber tracking, among other applications. The diffusion coefficient has been shown to depend on cell concentration, membrane permeability, and cell orientation in the case of white matter or muscle fiber tracking; yet a clear relation between diffusion measurements and known physiological parameters is not established. The aim of this paper is to review hypotheses and actual knowledge on diffusion signal origin to provide assistance in the interpretation of diffusion MR images. Focus will be set on brain images, as most common applications of diffusion MRI are found in neuroradiology. Diffusion signal does not come from two intra-or extracellular compartments, as was first assumed. Restriction of water displacement due to membranes, hindrance in the extracellular space, and tissue heterogeneity are important factors. Unanswered questions remain on how to deal with tissue heterogeneity, and how to retrieve parameters less troublesome to work with from biological and clinical points of view. Diffusion quantification should be done with care, as many variables can lead to variation in measurements.
INTRODUCTION
Nowadays Magnetic Resonance (MR) provides images of unquestionable diagnostic value. It offers millimeter-scale images with high soft tissue contrast, particularly useful in brain studies. Yet, one limitation of MRI is that images offer macroscopic information, i.e. "gross" anatomic information: voxels of the order of a millimeter contain thousands and thousands of cells. Dysfunction will only be visible after important damage gets to anatomical scale. This is one of the reasons why the recently developed Diffusion Magnetic Resonance Imaging (dMRI) has been attracting so much interest.
Diffusion MR imaging consists in weighting the acquired signal by the amount of translational random motion of water molecules, known as Brownian motion (Fick 1855). In free media, motion is indeed random, and the displacement probability is normally distributed. This is not true in biological tissue as different barriers and biophysical phenomena are in the way of water molecules, modifying their behavior (Le Bihan 2003) . Diffusing molecules explore their microscopic environment, changes in the image contrast obtained from this process give information that reflects tissue microstructure. Water displacement is understood to be modified by biophysical events, membrane permeability, relative importance of intraand extra-cellular space, etc. dMRI is more than a new source of image contrast; it allows the quantification of water translational motion.
dMRI has proved useful in assessing many white matter and psychiatric pathologies. It is of particular interest to determine ischemic brain injury as diffusion images are the only early sensitive method to identify stroke (Sotak 2002 , Rivers et al., 2006 , Moseley et al., 1990 . Diffusion Tensor Imaging (DTI) has shown potential in characterizing normal brain development and aging (Huppi and Dubois, 2006; Mukherjee and McKinstry, 2006; Salat et al 2005; Miller et al.,2003) ; in psychiatric disorder (Mori and Zhang 2006 , Horsfield and Jones 2002 , Lim and Helpern 2002 , in schizophrenia (Kanaan et al., 2005) , in cognitive disorders (Catani 2006) ; in characterizing head injury, where reductions in white matter integrity serve as a biomarker for degree of diffuse axonal injury (Budde et al.,2007; Huisman et al.,2004) and in demyelinating and neurodegenerative diseases such as multiple sclerosis (Schmierer et al., 2007; Patel et al.,2005; Fazekas, 2002, Rovaris et al.,2005) .
Despite the recent wide use of dMRI, various hypotheses and many works published, a clear relation between diffusion and known physiological parameters is not yet established. It is still necessary to obtain a relation between this quantification and some known physiological parameters in order to define a useful correlation between quantitative imaging and image interpretation. As it is not fully understood, quantification should be done with care, due to its dependence on many parameters. The aim of this paper is to review different hypotheses and actual knowledge on diffusion signal origin in order to provide a better insight on how to use the information retrieved from diffusion MR images. DIFFUSION PHENOMENA Diffusion is the process according to which molecules move from one place to another in a non-homogeneous medium, due to random molecular motion. The first mathematical bases of diffusion were established by Fick (1855) . Considering an isotropic medium, the diffusion coefficient definition is related to variation of concentration, C, according to equation 1.
Diffusion is a process linked to the kinetic energy of molecules, a process that depends on the temperature, T. The StokesEinstein relation relates the diffusion coefficient to the temperature, T, to the solvent viscosity, η, to the hydrodynamic radius of the molecule, R D , as follows:
where k B is the Boltzmann constant. As D is linearly dependent on temperature, in vivo diffusion measurements give information on temperature variation. Sensitivity of temperature measurements through diffusion imaging has been evaluated in vitro to 2.4% / o (LeBihan et al., 1989; Tofts et al., 2000) .
This description is valid in an isotropic medium, such as free liquids like water, oil, etc. In case of anisotropic diffusion, D in equation 1 must be replaced by a secondorder tensor, symmetric and positive definite:
. [3] Even if interpretation of the diffusion coefficient is clear in an isotropic system, the physical meaning of the diffusion tensor is not trivial. The different cross-terms D αβ (α ≠ β) do not represent diffusion in direction α + β but rather the influence of the concentration gradient in direction α over displacements in direction β. For instance, if we consider a system in which diffusion is more important along the xaxis, in which the concentration gradient would also have a component along the yaxis, then the displacement along the x direction would also depend on the concentration gradient on the other axis. This effect is taken into account in the D αβ entries of the tensor.
In inhomogeneous biological tissues, diffusion is not a purely random process. The presence of membranes, that can be
more or less permeable to water, restricts diffusion and modifies the exchanges between compartments. Water molecules are hindered in their displacement by membranes, organelles. In biological tissues, the measured diffusion coefficient is referred to as Apparent Diffusion Coefficient ADC.
DIFFUSION MEASUREMENT PRINCIPLES
Before discussing diffusion signal interpretation, it is necessary to briefly review the acquisition principles. In presence of a strong magnetic field B 0 , spins precess at Larmor frequency f 0 , where γ stands for gyromagnetic ratio depending on the nucleus (Haacke et al., 1999) :
By adding a magnetic field gradient G z along the z axis for instance, precessing frequency at location z 1 is modified according to:
If a first gradient, called diffusion gradient diff 1 , of duration δ, is applied, then all spins precess with different frequencies according to their respective position. Different frequencies imply having different phases at the same time instant. Two spins i, j at different positions z i , z j will have phases φ i and φ j given by [6] Considering only variation due to gradient with respect to the main magnetic field and the main frequency constant, the phase expressions in [6] reduce to: [7] If both spins are static, a second gradient diff 2 with the same duration δ and magnitude, G diff2 =G diff1 , but with inverse polarity, induces the following phases: [8] At echo time, the phase difference between both spins cancels out. However if one spin moves due to diffusion phenomena, the "rephasing" effect of the second gradient is not perfectly equal to "dephasing" of the first gradient. Imperfect rephasing over the entire voxel will create smaller signal magnitude, as depicted in figure 1 . This signal loss depends on the amount of motion that occurred between applications of the two diffusion gradients. This is called signal diffusion-weighting preparation; "dephasing" and "rephasing" diffusion gradients are applied before the imaging gradients of the MR pulse sequence. The most commonly used sequence is called Pulsed Gradient Spin Echo PGSE (Stejskal and Tanner 1965) . More or less diffusion weight can be given to the acquired signal by varying diffusion gradient magnitude G, application time d, or delay between the two gradients D. The degree of diffusion sensitization is quantified through the so-called "b-factor" (Le Bihan et al., 1986 , Le Bihan 1995 , Basser and Jones 2002 given by [9] The measured signal magnitude S 1 is given by the simple expression [10] where S 0 stands for signal magnitude with no diffusion-weighting. The b-factor is a user-defined parameter. To compute D, two images have to be acquired, one, S 1 , with diffusion gradient on (b ≠ 0) and the other, S 0 , with b=0.
Whereas in the isotropic case one single measure in one direction is enough to calculate D because it is the same along all directions, in the anisotropic case measurements in more directions are needed. Specifically, to fully calculate
diffusion tensor D as defined in equation 2, six non-collinear diffusion-weighted acquisitions are needed (Basser et al., 1994, Pierpaoli and . After calculation of the tensor in each voxel, rotationally invariant indices and maps can be derived. The most common of them are Mean Diffusivity MD, an index of average diffusivity in all directions, and Fractional Anisotropy, FA, which indicates how strongly oriented is diffusion in only one direction in space (Basser et al., 1994) . DIFFUSION 
APPLICATIONS
Since the beginning of the '90s clinical applications of dMRI and DTI have been exploited. The most successful of them is the early diagnosis of brain ischemia. In this pathology, mean diffusivity decreases in the infarcted regions few minutes after the stroke (Moseley et al., 1990 ) while all the other imaging techniques require much more time after the accident to have a visible effect. Although the underlying mechanism is still not clear, in this pathology dMRI sensitivity has a very crucial role as it enables the activation of suitable treatments which can change the destiny of brain tissues (Sotak 2002 , Rivers et al., 2006 . Another important application of dMRI is related to the detection of cancer or metastases, where there is a significant decrease in MD in the case of malignant tumors, maybe because of cell proliferation (Takahara et al., 2004 , Goldman et al., 2006 , Rubesova et al., 2006 , Mulkern et al., 2006 .
Much interest has been put in studies of brain development and maturation of newborns. Structural and functional modifications at microscopic level can be assessed by the specific sensitivity of dMRI. In fact, during the first phases of life, brain begins to myelinate and connections between regions start to be created so that tensor indexes changes are evident and quantifiable. In newborn babies mean diffusivity is higher than in mature brain, and diminishes with aging, while diffusion anisotropy is lower at birth and increases fast (Neil et al., 1998 , Neil et al., 2002 . In healthy brains, higher anisotropy indices are found in white matter, in particular in corpus callosum, while cerebral cortex is often considered to have homogeneous diffusion along all directions, see table 1 , Shimony et al., 1999 and figure 2. Anisotropy of white matter, is mainly due to organization in bundles and fibers overlapped with sheaths of lipidic membrane, myelin. Water molecules preferentially diffuse along the length of axons, making the diffusion coefficient larger in the direction parallel to the axons than perpendicular to them. An important consequence of this observation is that it is possible to estimate the orientation of the fibers by means of the direction of maximum water diffusion. Maps of directionalities and fiber tracking algorithms exploit this principle to characterize and rebuild in three dimensions the path of the main white matter fibers and bundles van Zijl, 2002, Mangin et al., 2002) . Applications of fiber tracking are in course of validation (Lin et al., 2003) . Reconstruction of fiber tracks in patients with brain tumors is a undoubted aid in the pre-surgical planning (Schonberg et al., 2006 , Arfanakis et al.,2006 as the regions and connections may be delocalized by the presence of the mass of tumor itself. All these applications are based on the Diffusion Tensor model which, on the other hand, has some intrinsic limitations. Specifically, DTI is not always able to correctly model the behavior of water molecules as, for example, in voxels where fibers cross. To overcome this, High angular Resolution Diffusion Imaging (HARDI) methods have been proposed (Weeden et al. 1999; Cohen, 1999 Jansons and Alexander, 2003; Ozarslan et al., 2006 , Tuch, 2004 , Descoteaux et al., 2006 , Tournier et al., 2004 , Dell'Acqua et al., 2007 and nowadays are widely applied to better define water motion direction.
DIFFUSION ACQUISITIONS
As diffusion measurement through MRI is obtained from signal loss quantification, the main acquisition difficulty is linked to Signal-to-Noise Ratio (SNR) that is usually quite low, and depends inversely on the value of b: the higher b -i.e. the diffusion weight -the lower the SNR. Thus, as often needed in MRI in order to maintain clinically compatible acquisition time, a compromise must be made between increasing repetition number (to improve SNR), increasing spatial resolution or increasing angular resolution through a precise spatial characterization of the diffusion tensor D along various directions. Usually, 5 to 15 minutes are needed to obtain data with voxels of the order of a few mm resolution and acceptable image quality.
Another important problem related to diffusion acquisition is motion artifact. As diffusion consists in measuring microscopic motion, acquisitions are sensitive to water motion and more generally to patient motion. To reduce patient motion artifacts, images must be acquired fast. The fastest sequence is single-shot Echo-Planar-Imaging (Mansfield 1977). Although much faster than all the other pulse sequences, EPI does not offer a perfect solution as images show strong geometric distortions in the presence of inhomogeneous magnetic field. , Jezzard et al., 1998 . Different strategies to reduce acquisition time and to counteract motion artifacts have been proposed, such as cardiac gating to reduce influence of brain pulsation (Brockstedt et al. 1999, Robson and Porter 2005) , or additional echo, "navigator echo", used to monitor and correct spurious phase due to motion (Anderson and Gore1994, Butts et al. 1996 , Robson et al., 1997 , Liu et al. 2004 . Most recent and successful has been the implementation of parallel imaging (Pruessman et al. 1999 , Griswold et al., 1999 figure 3 (Niendorf et al., 1996 , Assaf et al., 2002 , Mulkern et al., 1999 , Pfeuffer et al., 1999 , Clark and Le Bihan, 2000 . Questions arise on the interpretation of multiexponential decay: which relation exists between diffusion quantification and some known physiological parameters, so that fine image interpretation can be done. 
Bicompartmental hypothesis
Cerebral tissue is divided into two main spaces: intra-and extra-cellular spaces, separated by semi-permeable membranes, assumed to have different diffusive properties. When diffusion time t d is much shorter than average time molecules spend in each compartment, i.e. when there is no exchange between compartments, echo attenuation is given by superposition of the two decaying signals (Karger et al., 1988) . The following equation is adjusted:
where ADC fast(slow) represent now the fast and slow apparent diffusion coefficients, whose biophysical origin is unknown; f stands for the fast diffusing compartment volume fraction. Fast and slow diffusion tensors can be defined the same way as for the mono-exponential analysis, leading to fast and slow mean diffusivity and fractional anisotropy.
It was first assumed that intracellular diffusion would be slower as protein concentration is higher, cytoplasm is more viscous (Niendorf et al., 1996) . Yet, measurements show that fast diffusing compartment volume fractions were equal to about 70%, as shown in table 2. Diffusion measurements do not correspond at all with anatomy, as about 20% of total volume is extra-cellular. Numerical simulations based on known anatomy showed that assignment of fractions obtained from biexponential fits of fast and slow diffusion attenuation to extra-and intra-cellular space volume ratios is not correct (Chin et al., 2002) .
Various theoretical models put forward the importance of intra-and extra-cellular volumes on diffusion signal (Szafer et al. 1995 , Latour et al., 1994 , Stanisz et al.,1997 ). Yet, these models are highly idealized, considering in general cells as regularly organized geometrical structures, using a high number of parameters; they do not constitute sufficient validation supporting the bicompartmental hypothesis. Experimental observations also set the emphasis on the influence of intra-and extra-cellular compartments: in vitro, using iontophoresis and provoking cellular volume changes by osmotic shock Sykova (1997) showed that a decrease in extracellular volume implies increase in extracellular tortuosity, and decrease in diffusion coefficient. Similar results were obtained using NMR, in vitro, showing besides that ADC decreased when cellular density increased (Anderson et al., 2000) . With a similar experimental design, bi-exponential measures were done showing that cellular volume variation did not make fast and slow diffusion coefficients vary but their fractions do (Sheperd et al., 2003) , sustaining the hypothesis that diffusion signal comes from two compartments.
Compartment definition
The question remained on the definition of such two compartments. Diffusion coefficients were measured similar in both intra-and extra-cellular compartments for NAA and 2FDG-6P (Duong et al. 1998 ). This is true for macromolecules bigger than water, but remains to be demonstrated for water signal. The hypothesis according to which intracellular diffusion is slower than extracellular is still to be verified. Measuring only intracellular water diffusion decay in the isolated Aplysia giant neuron Grant et al. (2001) (2003) affirm that intracellular time is variable according to cell size. As most diffusion times are about a few tens of a millisecond, the assumption of observation time much shorter than average time spent in each compartment would be valid and equation 11 holds. The diffusion time defined explicitly, or implicitly through b-value choice, is an important parameter.
Transverse relaxation time
It has been argued that the difference between known cellular volumetric fractions and diffusion volume fractions could come from transverse relaxation time (T2) differences between compartments. Indeed, different T2 have been measured in the various nervous tissue components, myelin, intra-axonal and extra-cellular water (Stanisz and Henkelman,1998 , Peled et al., 1999 , Inglis et al., 2001 , which weight each compartment in a different way. Yet simulations showed that the sensitivity to T2 is small and thus T2 differences are unlikely to explain this mismatch (Chin et al., 2002) .
Multiexponential does not imply multicompartment
There is no evidence that there are two compartments, there may be more compartments, and there may be no diffusive compartments. According to Assaf et al. (2002) data are best fitted with 3 exponentials rather than with 2, as illustrated in figure 3 . Pfeuffer et al. (1999) agree as they find 3 peaks analyzing data through Laplace transform.
It is highly probable that the multiexponential signal decay does not represent intra-and extra-cellular compartments. Cell membranes and extra-cellular space play important roles, but compartmentation is not sufficient to explain signal variations.
Numerical simulations set forward that there was no need of the presence of multiple compartments to observe multiexponential decay (Kiselev and Il'yasov, 2007, Sustanskii and Yablonskiy, 2002) . Modulation of the signal decay curve can be obtained from a heterogeneous distribution of cell size (Peled et al., 1999) . Observation of multiexponential decay does not imply the presence of multicompartments.
RESTRICTION AND HINDRANCE PHENOMENA ARE

IMPORTANT
Another hypothesis is based on the importance of restriction of water molecule mobility inside the cell, and/or motion hindrance in the extracellular space.
Restriction hypothesis
Simulations show that restriction and hindrance can modulate signal decay to the multiexponential curve observed. Membranes have been considered as primary determinants of water restriction (Beaulieu and Allen, 1994) . A model of packed myelinated axons treating white matter fascicles as an array of identical thick-walled cylindrical tubes arranged periodically in a regular lattice and immersed in an outer medium suggested that intracellular properties (diffusivity and dimensions) are not primary causes for ADC variations and anisotropy but rather outer axon diameter, myelin sheaths and particularly extracellular space (Sen and Basser, 2005) . Cell package and organization affect diffusion measures in white matter, but do not explain gray matter biexponential observations.
Experimental evidence
Restriction of diffusion motion inside cellular space implies obtaining signal variation with diffusion time, as below certain time threshold no restriction should occur. To obtain experimental measures to provide realistic data into theoretical models is difficult due to hardware limitation of magnetic field gradient capacities, and in particular difficulties to diminish diffusion time. According to methodology used, all groups do not agree on measures such as diffusion coefficients inside myelin itself, as myelin T2 is very short (Andrews et al., 2006 , Peled et al., 1999 , Stanisz and Henkelman,1998 .
Variation of slow diffusion coefficient fraction while cellular volume changed made Le Bihan et al. (2006) advance the hypothesis about the importance of layers of water molecules that are most hindered in their motion, such as a membrane-bound water pool. This hypothesis is closer to biological tissue complexity, but is challenged by the difficulty to obtain experimental evidence.
Restriction observations could not be made in vivo, using diffusion time down to 8 ms (Clark 2001 ). Yet, a diffusion time of 4 ms was estimated necessary to visualize these restriction effects (Stanisz et al., 1997, Beaulieu and Allen, 1996) , which is difficult to achieve in vivo. Experimental observations seem to reinforce the importance of restriction and hindrance phenomena: as myelin thickness increases, the mean ADC progressively drops; experimental measures made by Neil et al. (1998) correspond to the model developed by Sen and Basser (2005) . Displacements measured perpendicular to white matter fibers in excised rat spinal cord are constant, measured from 50 to 250 ms (Nossin-Manor et al., 2005) . Similarly, metabolites in bovine optic nerve show broad displacement distribution of fast diffusing component, appearing not to be restricted, while slow diffusing component is highly restricted to milieu in the order of 1 -2 μm, as shown in figure 4 (Assaf and Cohen, 1999) . (Assaf and Cohen, 1999) . Slow diffusion distance is in good agreement with the known inner-axonal diameter of bovine optic nerve of around 1-2 mm.
Conciliation model: inclusion of two types of behavior.
Restriction and hindrance phenomena seem more plausible to explain water diffusion signal decay, yet experimental evidence is hard to obtain. Following Assaf and Cohen (1999) observations, a model proposed recently by the same authors (Assaf et al., 2004, Assaf and Basser, 2005) , Composite Hindered And Restricted Model of Diffusion CHARMED, is considering water to have two different types of behavior: restricted in the intra-axonal space, and hindered in the extra-axonal space, characterized by normal distribution with varied mean and standard deviation. No number of compartments, restricted or hindered, is imposed. Assaf et al. (2006) were able to obtain on spinal cord in vitro tissue segmentation that corresponds to histology, and inferred axonal diameter distribution. This model still lacks in vivo validation, but shows promise in the study of white matter structures.
ANISOTROPY
Diffusion anisotropy origin is prone to be connected to the same restriction and hindrance effects that affect diffusion multiexponential decay (Moseley et al., 1991 , Le Bihan et al., 1993 . Anisotropy is different according to white matter bundle (table 1) . It is particularly high in the corpus callosum. No simple relationship has been established with known microstructural elements . Recently Golabchi et al. (2006) showed existence of correlation between FA and axon density in vitro in human axial spinal cord.
Some anisotropy has also been measured for different metabolites (N-acetyl aspartate, phosphocreatine, and choline) in both white and gray matter (Ellegood et al., 2006) . Yet function and size of such molecules are different from water, hindering straightforward conclusion extrapolation. Up to the present there is no direct explanation for diffusion anisotropy. The main hypothesis is that membrane restriction effects are mostly responsible for this anisotropy. Water diffusivity was measured to be similar inside axons perpendicular and parallel to the axon main axis (Takahashi et al., 2002) . Beaulieu and Allen (1994) showed that anisotropy did not come from the presence of microtubules, or of active axonal transport.
Even though not indispensable (Beaulieu 2002) , myelin sheaths are important as they modulate anisotropy: FA decreases in absence of myelin (Gulani et al., 2001 , Neil et al., 1998 , Neil et al., 2002 , demyelination processes induced by cuprizone could be observed in vivo (Sun et al., 2006) . Recent results measured myelin water diffusion to be by itself anisotropic (Andrews et al., 2006) , contrary to Stanisz and Henkelman observations (Stanisz and Henkelman, 1998) . Discrepancy comes from the use of different myelin signal separation techniques. Three effects can account for anisotropy diminution: increase in transversal diffusivity, decrease in longitudinal diffusivity or both (Song et al. 2002) .
Brain cortex is considered as isotropic at regular clinical magnet image scale (about 1.5 x 1.5 x 4 mm 3 ) (Shimony et al., 1999) . At higher magnetic field, signal is high enough to reduce voxel size (0.39 x 0.39 x 2 mm3) and to measure diffusion anisotropy in mature cortex as Ronen et al. (2003) have shown in cat mature cortex. Cortex anisotropy was even stronger considering only slow diffusion processes (Maier et al., 2004) . In various brain regions, it seems that anisotropy is more important for slow diffusion than for fast diffusion processes (Maier et al., 2004 , Chabert, 2004 . It is probable that anisotropy phenomena will be better understood once unidirectional diffusion signal variations are explained.
INTEGRATION OF ALL PARAMETERS
Many parameters influence diffusion signal variation as discussed earlier in this review. Main hypotheses include water signal compartmentalization, restriction and hindrance in intra-and extracellular spaces, and tissue heterogeneity (Peled et al., 1999) . There is a need to look at data in another way.
Several attempts have been made to get closer to the complex reality of biology. Yablonskiy et al. (2003) developed a statistical model of diffusion signal decay, based on the hypothesis that there is a high number of diffusion pools, and the resulting probability distribution of diffusion coefficients is Gaussian. Standard deviation was found to be almost constant relative to ADC, of 36%. Even though average diffusivity is different in each tissue, the broadness of diffusion coefficient distribution is similar everywhere, meaning that the same phenomena could make diffusion coefficients span in the same manner whatever the tissue structure may be. This result is quite complex and difficult to interpret.
Characterization of "tissue heterogeneity", or of multiplicity of pools, was proposed by Bennett et al. (2003) , based on stretched exponential model, where DDC stands for Distributed Diffusion Coefficient, and α is used to parameterize heterogeneity:
. [12] At variance with Yablonskiy's findings, α is not homogeneous throughout the brain; higher heterogeneity is found in white matter. This finding emphasizes the importance of restriction and barriers of axonal membranes on diffusion signal modification. Bennett's characterization was shown to be sensitive to early pathological change of cancerous tissue (Bennett et al., 2004) . Interestingly, α does not seem to vary according to the direction of measurement (Bennett et al., 2006) .
If this observation is confirmed, in spite of low SNR and big voxel size (3.4 x 3.4 x 5 mm 3 ) images, measurements along only one direction would be sufficient to 3.19 ± 0.10 0.11 ± 0.05 Grey Matter (frontal lobe) (Shimony et al., 1999) 0.88 ± 0.04 0.15 ± 0.02 Grey Matter (putamen) (Shimony et al., 1999) 0.73 ± 0.03 0.14 ± 0.01 Corpus Callosum (body) (Shimony et al., 1999) 0.72 ± 0.05 0.71 ± 0.02 Optic Radiations (Shimony et al., 1999) 0.74 ± 0.06 0.49 ± 0.02 White Matter (occipital lobe) (Shimony et al., 1999) 0.78 ± 0.06 0.33 ± 0.01 Internal Capsule (Shimony et al., 1999) 0.70 ± 0.05 0.59 ± 0.02 Pyramidal Tract 0.71 ± 0.04 0.87 ± 0.04 U-fibers 0.65 ± 0.05 0.65 ± 0.11 (Meca et al., 2004) . As all aforementioned parameters seem to matter in unknown proportions, characterization of the entire signal decay is necessary, using other descriptors. Quantification of deviation from monoexponential decay has been derived using a normalized kurtosis index value (Chabert et al., 2004 , Lu et al., 2006 . No brain region presents monoexponential decay, major differences are found in white matter measured perpendicular to the main axis. This finding reinforces a coexistence of various phenomena, and the significance of the particular organization of fibers and/or myelin. In vivo diffusion signal is not monoexponential, yet a monoexponential hypothesis is used when computing ADC with equation 10. Use of a monoexponential hypothesis underestimates displacement, leading to differences up to 50% in highly non-monoexponential regions (Chabert 2004 , Liu et al., 2005 .
CONCLUSION
Diffusion MRI provides in vivo images highly sensitive to tissue microstructure. Diffusion measurement is a non-invasive way to obtain in vivo information at the microscopic scale, where cell size and organization matter. Diffusion signal is not bicompartmental, and not separated into intra-and extracellular compartments. Restriction, hindrance and tissue heterogeneity are important factors that modify measured diffusion signals. In spite of various attempts, the unanswered question remains on how to deal with tissue heterogeneity, and how to retrieve parameters easy to work with on a biological and clinical point of view. Diffusion quantification should be done with great care, as many variables can lead to different measures.
In spite of difficulties, there are some promising results such as correlation between diffusion anisotropy and the presence and preservation of myelin sheaths (Beaulieu 2002) , or in vitro correlation between anisotropy and axonal density (Golabchi et al., 2006) . Another further step would be to achieve in vivo inference of spinal axonal diameter distribution such as done in rat spinal cord in vitro (Assaf et al., 2006) . Essays have been undertaken using q-space diffraction pattern in rat corpus callosum at different ages (Weng et al., 2005) , with no coincidence between diffusion measurements and known cell sizes. Diffusion measurements are so sensitive that there are still numerous possibilities of unexplored applications. A recent example is the demonstration of the feasibility of monitoring brain activity through diffusion imaging 
